We have studied the structural, magnetic, and electronic transport properties of ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 using single crystals grown by a floating-zone technique. The structure analysis by Rietveld refinements reveals that the Ca substitution for Sr intensifies the structure distortion; the rotation angle of the RuO 6 octahedron increases. This structure change tunes magnetic and transport properties dramatically. The magnetic ground state switches from an itinerant metamagnetic state for Sr 3 3 The double-layered ͑Sr 1−x Ca x ͒ 3 Ru 2 O 7 ͑n =2͒ system exhibits a complex magnetic phase diagram. 4 The magnetic ground state evolves from an itinerant metamagnet for x Ͻ 0.08 to a heavy-mass nearly ferromagnetic state with an extremely large Wilson ratio for 0.08Ͻ x Ͻ 0.4. This nearly ferromagnetism ͑FM͒ state does not evolve into a long-range FM order despite considerably strong FM fluctuations, but freezes into a cluster spin glass ͑CSG͒. When the Ca content is further increased to the 0.4Ͻ x Յ 1.0 range, the system switches to an antiferromagnetic state. In addition, nonFermi liquid behavior occurs as the frozen temperature T SG is suppressed to zero near x ϳ 0.08, suggesting the presence of quantum critical behavior near this critical composition.
In this paper, we report detailed studies of structural, magnetic, and electronic transport properties of the sample ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 , which is close to the critical composition with x ϳ 0.08. Our objective is to further identify the novel quantum phenomena near this critical composition and investigate its underlying physics.
Our sample ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 was grown using a floating-zone technique and carefully screened by x-ray diffraction and superconducting quantum interference device ͑SQUID͒ magnetometer. Since SQUID has an extremely high sensitivity to ferromagnetic materials, it guarantees that the selected samples do not involve any FM impurity phases such as ͑Sr, Ca͒ 4 Ru 3 O 10 .
5 Our structure analysis was carried out using general structure analysis system ͑GSAS͒ for Rietveld refinement of x-ray diffraction spectra. 6 The x-ray diffraction spectrum was taken in the Bragg-Brentano geometry using powdered single crystals and a step-scan mode with the counting time of 8 s/point. The step-scan size is 0.02°. The measurement was conducted at room temperature. The resistivity measurement was performed using a standard four-probe method. Figure 1 shows the x-ray diffraction pattern in the range from 20°to 100°for the sample ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 . The calculated reflection profile shown in Fig. 1 is from the GSAS refinement. No absorption is taken into account during refinements. While the sample has a slightly preferential orientation along the c axis, good assignments of ͑hkl͒ indices to all the peaks were obtained. The refinement factors are R wp = 5.86%, R p = 4.33%, and 2 = 5.683, respectively. Structure parameters derived from the refinement is shown in Table I . We find that the Ca substitution for Sr enhances the structure distortion while the structure of ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 can still be described with the same space group as that of Sr 3 Ru 2 O 7 , i.e., Bbcb ͑No. 68͒. The rotation angle of RuO 6 octahedron increases from 6.8°for Sr 3 Ru 2 O 7 to 9.77°for ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 ; the octahedron rotation is schematically shown in the inset of Fig. 1 . This rotation angle slightly increases the orthorhombicity of the unit cell. Such a structure change driven by the octahedron rotation is similar to what is observed in Ca 2−x Sr x RuO 4 when 0.5Ͻ x Ͻ 1.5.
7
The main panel of Fig. 2 7 , the susceptibility shows a peak near 15 K; a metamagnetic transition occurs below this peak temperature; the metamagnetic transition field is about 5.5 T at 2 K for H ʈ ab ͑see the inset of Fig. 2͒ . All these features are consistent with the results reported previously. 9 In comparison with Sr 3 Ru 2 O 7 , the susceptibility of ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 is significantly enhanced and it tends to diverge at low temperatures, suggesting that magnetic correlations are strongly enhanced. The measurement of magnetization as a function of magnetic field M͑H͒ shows that the metamagnetic transition is suppressed in this sample. The concave characteristic of M͑H͒ shown in the inset of Fig. 2 indicates that magnetic correlations in this sample should be ferromagnetic. The reversible behavior in M͑H͒ upon upward and downward field sweeps shows that no long-range ferromagnetic order occurs even at 2 K. In addition, we performed the magnetic susceptibility measurement at a low field, 5 mT for this sample. As shown in Fig. 2͑b͒ , we observed an unusual irreversible behavior below 10 K between zero-field-cooling ͑ZFC͒ and field-cooling ͑FC͒ histories. This irreversible behavior does not seem associated with a spin glassy state since we did not observe any frequency dependence in the ac magnetic susceptibility ac of this sample ͓see the inset of Fig. 2͑b͔͒ .
Another important feature in dc for the sample ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 is that it follows Curie-Weiss ͑CW͒ temperature dependence and the Weiss temperature T CW derived from the CW fitting is ϳ−11 K, which is in contrast with
10 Previous studies have shown that there exist competing magnetic correlations in Sr 3 Ru 2 O 7 due to a multiple band effect; both FM and AFM correlations coexist. [11] [12] [13] The negative Weiss temperature of Sr 3 Ru 2 O 7 suggests that AFM correlations dominate its magnetic ground state; this point of view has been confirmed in neutron scattering and nuclear magnetic resonance measurements. 11, 12 The decrease in negative Weiss temperature for ͑Sr 0.9 Ca 0.1 ͒ 3 Ru 2 O 7 suggests that the Ca substitution for Sr suppresses the AFM correlations. The divergent behavior of dc at low temperature, as well as the concave characteristic in M͑H͒ shown in Fig. 2 
